CLAIMS 



1. A reflective optical device, comprising two norraxisymmetric 
reflection surfaces for bringing light fluxes from an object into focus on an 
image surface, the two non-axisymmetric reflection surfaces being a first 
reflection surface and a second reflection surface, wherein: 

the first and second reflection surfaces are disposed in this order in 
a direction in which the light fluxes travel, and are arranged eccentrically; 
and 

each of the first and second reflection surfaces is concave in a 
cross-sectional shape taken along a plane containing a center of the image 
surface and vertices of the reflection surfaces. 

2. The reflective optical device according to claim 1, further comprising 
a diaphragm for limiting light fluxes, the diaphragm being disposed between 
the first reflection surface and the object. 

3. The reflective optical device according to claim 2, wherein a 
relationship expressed as below is satisfied: 

0.3 < dl/efy < 1.5 

where dl represents a distance between a center of the diaphragm and the 
vertex of the first reflection surface, and efy represents a focal length in a 
plane containing the center of the image surface and the vertices of the first 
and second reflection surfaces. 

4. The reflective optical device according to claim 2, wherein a 
relationship expressed as below is satisfied: 

1.0<d2/efy<4.0 

where d2 represents a distance between the vertex of the first reflection 
surface and the vertex of the second reflection surface, and efy represents a 
focal length in a plane containing the center of the image surface and the 
vertices of the first and second reflection surfaces. 

5. The reflective optical device according to claim 1, wherein the first 
reflection surface is concave in a cross-sectional shape taken in a direction 
perpendicular to a plane containing the center of the image surface and the 
vertices of the first and second reflection surfaces. 



60 



6. The reflective optical device according to claim 1, wherein the second 
reflection surface is concave in a cross-sectional shape taken in a direction 
perpendicular to a plane containing the center of the image surface and the 
vertices of the first and second reflection surfaces. 

7. The refleoftve optical device according to claim 1, wherein each of 
the first and second rejection surfaces is a free -form surface that does not 
have a rotational a^efs. 

8. The^reflective optical device according to claim 7, wherein the 
free-form surface is either a curved-axis Y toric surface or a curved-axis X 
toric surface, each of which is defined by a function f(X,Y) in a rectangular 
coordinate system (X, Y) in which the X direction is a direction 
perpendicular to a plane containing the center of the image surface and the 
vertices of the reflection surfaces and the Y direction is a direction of a 
tangent line at a vertex, the tangent line being contained in the plane, 

the curved-axis Y toric surface being such that a line obtained by 
connecting centers of radii of curvature of X-direction cross sections at 
respective Y coordinates is a curved line, 

the curved-axis X toric surface being such that a line obtained by 
connecting centers of radii of curvature of Y-direction cross sections at 
respective X coordinates is a curved line. 

9. The reflective optical device according to claim 8, wherein the first 
reflection surface is a curved-axis Y toric surface or a curved-axis X toric 
surface, the curved axis-Y toric surface being such that a Y-direction cross 
section of the first reflection surface containing the vertex thereof is 
asymmetric with respect to a normal line at the vertex thereof, and a curved 
line connecting the centers of radii of curvature of the X-direction cross 
sections. 

10. The reflective optical device according to cl^m 8, wherein the second 
reflection surface is a curved-axis Y toric surface or a curved-axis X toric 
surface, the curved axis Y toric surface being such that a Y-direction cross 
section of the first reflection surface containing the vertex thereof is 
asymmetric with respect to a normal line at the vertex thereof and a curved 
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line connecting the centers of radii of curvature of the X-direction cross 
sections. 



9omprising at least three reflection 
om an object into focus on an image 



11. A reflective optical device, 
surfaces for bringing light fluxes 
surface, wherein ' 

the reflection surfaces arrf arranged eccentrically; 
an F value in a plane corytaining vertices of the respective reflection 
surfaces is less than 3.5; and 

among the reflection surfaces, the two reflection surfaces on the 
object side are given as a fijrs^pflection surtax^^id a second reflection 
surface, respective ly,**in an order from the object side in a direction in which 
the light fhpsetftravel, and each of the first and^cond reflection surfaces is 
conc^y^in a cross-sectional shape taken aip*fg the plane. 



12. A reflective optical de^ic^domprising at least three reflection 

surfaces for bringing light fljpces from an object into focus on an image 

surface, wherein- 

the reflection surfaces are arranged ecpentrically; and 
an F value in a plaqe containingjjetftices of the respective reflection 

surfaces is less than 1.9. 



13. The reflective optical device according to claim 12, wherein the F 
value is less thanJffB. 




14. Tpm reflective optical device according to claim 12, wherein, among 
the reflection surfaces, tpe two reflection surfaces on the object side are 
given as a first reflection surface and a second reflection surface, 
respectively, in an ordeiJ from the object side in a direction in which the light 
fluxes travel, and each pf the first and second reflection surfaces is concave 
in a cross -sectional sh£W3e taken along the plane. 



15. A reflective optical device comprising at least three reflection 
surfaces for bringing light fluxes from an object into focus on an image 
surface, wherein* 

the reflection surfaces are arranged eccentrically; 

among the reflection surfaces, the reflection surface placed second 
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from the object side in a direction in which the light fluxes travel is given as 
a second reflection surface, and the second reflection surface is concave in a 
cross-sectional shape taken in the vicinity of its vertex along a plane 
containing vertices of the reflection surfaces, and is convex in a 
cross -sectional shape taken in a direction perpendicular to the plane. 
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y±&. T he reflTOtive optical device according to any 6ti& uf claims 
andl5, wherein the at least three reflection surfaces arerxDB^3asymmetric 
surfaces. 




17. The reflective optical-device according to any one of claims 11, 12, 
and 15, whereintjie-^gllection surfaces are four surfaces that are a first 
surfacg^a-seEond surface, a third surface, and a fourth surface in an order 

- the - objoct side -i n a diiuc xion in which t he light fluxoo - iidvut. *. 

18. The reflective optical devi^T according to claim 17, wherein a 
relationship expressed as below is satisfiec 

26 < a3 < 5\ 

where a3 represents an^angle (deg) formed between a normal line of the 
third reflection surface at its verte^and an optical axis extended from the 
vertex of the third .reflection surface to a vertex of the fourth reflection 
surface. 




19. The reflective op ftcjd j^^ce^GCQi^ing to claim 17, further 
comprising aMiaphragm for limiting the light iffux^s, the diaphragm being 
disposed between the first reflection surface and the\pbject. 

/ \ 

20. The reflective optical device according to claipa 19, wherein a 
relationship expressed as below is satisfied: * 

ok < dl/efy < 1.5 \ 
where d| represents a distance between ac^ivter of the diaphragm and a 
vertex of the first reflection surface, ami^fy represents a focal length in the 
plane containing the verticeslof the^reflection surfaces. 



35 21. |The reflective s pp : fical device according to claim 19, wherein a 
relatiomship^expr^ssed as belo\Y is satisfied: 
0.6 < dl/efy < 1.0 
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where dl represents a distance between a center of the diaphragm and a 
vertex of the first reflection surface, apd efy represents a focal length in the 
plane containing the vertices of the reflection surfaces. 

22. The reflective optical device Recording to claim 19, wherein a 
relationship expressed as below is satisfied: 
0.3<d2/d4<1.0 

where d2 represents a distance betwfeen a vertex of the first reflection 
surface and a vertex of the second rejection surface, and d4 represents a 
distance between a vertex of the third reflection surface and a vertex of the 
fourth reflection surface. 



23. The reflective optical device according to claim 19ywherein a 
relationship expressed asHbelow is satisfied- 
2.6 < d4/efe<^5 

where d4 represents a distance between a vertex^ of the third reflection 
surface and/a vertex of the fourth re fleet iop^surf ace, and efy represents a 
focal length in the plane containing the"vertices of the reflection surfaces. 





24. VThe reflective optical device according to claim 19, wherein a 
relationship expressed as below issausf 
3.5 < d4/efy < 6.5 



where d4 represents a distance between a vertex of thp third reflection 
surface and a vertex of the fourth reflection surfaced/and efy represents a 
focal length in the plane containing the vertices^efi the reflection surfaces. 



25. The reflective optical device acpording to claim 19, wherein a 
relationship expressed as below ij/satisfied- 
0.5 < d5/efy < 2.0 

where d5 represents ajhst&nce f|om a vertex of the fourth reflection surface 
to a center of an image surface, apd efy represents a focal length in the 
plane containing^the vertices of the reflection surfaces. 




26. The reflective optical device according to claim 17, wherein each of 
the four reflection surfaces is concave in a cross -sectional shape taken along 
the/plane containing the vertices of the reflection surfaces. 
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27. The reflective optical device according to claim 17, wherein, among 
the reflection surfaces, the first reflection surface is concave in a 

cross -sectional shape taken in a direction perpendicular to the plane 
containing the vertices of the reflection surfaces. 

28. The reflective optical device according to claim 17, wherein, among 



the reflection surfaces, the third r 



flection surface is concave in a 



cross-sectional shape taken in a d rection perpendicular to the plane 
containing the vertices of the reflection surfaces. 

29. The reflective optical device ac cording to claim 17, wherein, among 
the reflection surfaces, the f^u^tlrfeflection surfoce is concave in a 

cross -sectional shap^fest^en in a direction perpendicular to the plane 
containing th^v^rtices of the reflection surfaces. 

30. /^ The reflective optical device according to claim 17, wherein the 
f(Hu±h reflection surface is a^ree-form surface that is in a non-axisymmetric 
form and that does not have«-aH?e[tati5nal axis? 




31. The reflective optical device according to/claim 17, wherein the 
fourth reflection surface is a free-form surfee^Tand the free form surface is 
either a curved-axis Y toric surface or^curved-axis X toric surface, each of 
which is defined by a function ffe^O in a rectangular coordinate system (X, 
Y) in which the X directionj^^liirection perpendicular to a plane containing 
the center of the imajp^surface and the vertices of the reflection surfaces 
and the Y directk)pris a directio i of a tangent line at a vertex, the tangent 
line being contained in the foregoing plane, 
the^curved-axis Y toric 



urface being such that a line obtained by 



connecting centers of radii of curvature of the X-direction cross sections at 
respective Y coordinates is a curved line, 

the curved-axis X toric surface being such that a line obtained by 
connecting centers of radii of curvature of the Y-direction cross sections at 
respective X coordinates is a curved line. 




"An imaging devite, Cuwyiiying- 
the reflective ot 



claims 1, 11, 12, 
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Tt deEftftfllng m^ns rhxi. fjiiwA rta p light 



ill efecliii 



33. The imaging device according to claim 32, wherein the detecting 
means is a two-dimensional imaging element. 

34. The imaging device according to claim 32, wherein the detecting 
means has sensitivity to light rays in an infrared range. 

35. A multi-wavelength imaging device, comprising: 
a reflective optie^cTSE vice thaf converges light fluxes with only 

reflection sur£ad£s; and 

a detecting means t$ia£^f5s sensitivity to light rays in a plurality of 
different wavelength ran§ 

36. The multi-wavelength impglng device according to claim 35, wherein 
the plurality of different wa^fength ranges are not less than two 
wavelength ranges selpeped from an infrared range, a visible range, and an 
ultraviolet range. 



'he multi^ wavclcii^ll rimaginsrdevice accor tliim tu ila inriStO yhore rn 
the reflective op tical_d e^4ce"TTtEe^eflective optical device according to any 
o&eTffclaims 1,. 



38. The muljpwa^rengtii imaging device according to claim 35, wherein 
the detectirfgmeans imclujles a light flux separating means according to 
wavelengths, and a mKfmlity of detecting surfaces that are responsive to the 
plurality of wavel^H%feh-^?ai^es, respectively. 

39. The multf-wav^ength imaging device according to claim 35, wherein 
the detecting m/a^1iicludes, in a same detecting surface, a plurality of 
regions thatja^ve sensitivity to light rays in different wavelength ranges, 
respecji^ely. 



The multi-wavelength imaging device according to claim^ 
the reflective optical devic e is the m Segfcive uuLitigTctevice according to any 
^nftLOf claims 
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41. A vehicle -mounted monitor, comprising: 

an imaging device according to claim 32; and 

a display means that conveys an obtained image to a driver. 



'—*42r. ^TVBhicle-i iruu i i L e d m on il oi , com prising: 

a multi- wavelength imaging device accordjjig-ie-trlSim 35 or 39; and 
* — 

ttiTrtn^nrrTT T ? ? = ^ in ri ncr to n drivrr 



10 43. A reflective optical device, comprising a plurality of optical members, 
^ each in a shell-like shape, that are opposed to each other and bonded 

integrally so that a hollow space is formed therein and that have at least 
one reflection surface on surfaces on hollow space sides. 

U 

lj 15 44. The reflective optical device according to claim 43, wherein at least 
one of the reflection surface is a free-form surface that does not have a 
rotational axis. 
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p 45. The reflective optical device according to claim 43, wherein the 

S3 20 plurality of optical members are two optical members that are a front optical 

r* member and a rear optical member, and the hollow space is formed by 

pis 

providing the front optical member and the rear optical member integrally 
so that an opened side of the shell-like shape of the front optical member 
and an opened side of the shell-like shape of the rear optical member face 
25 and are bonded to each other. 



46. The reflective optical device according to claim 43, wherein ^ 
the optical members are resin moldings; and 

a metallic thin film is formed on the reflection surface. 

30 

47. The reflective optical device according to claim 46, wherein a 
material of the metallic thin film is at least one selected from the group 
consisting of aluminum, gold, silver, copper and zinc. 

35 48. The reflective optical device according to claim 46, wherein a Si02 
thin film also is formed over the reflection surface. 
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49. The reflective optical device according to claim 43, wherein the 
optical members are made of a metallic material. 

50. The reflective optical device according to claim 49, wherein the 
optical members are made of at least one metallic material selected from the 
group consisting of aluminum, gold, silver, copper, and zinc. 

51. The reflective optical device according to claim 49, wherein a 
metallic thin film is formed on the reflection surface of the optical members 
made of the metallic material. 

52. The reflective optical device according to claim 51, wherein a 
material of the metallic thin film is at least one selected from the group 
consisting of aluminum, gold, silver, copper, and zinc. 

53. The reflective optical device according to claim 49, wherein a SiC>2 
film also is formed over the reflection surface. 

54. The reflective optical device according to claim 43, wherein at least 
one of the plurality of optical members includes an aperture for image 
formation. 

55. The reflective optical device according to claim 54, wherein a 
window member that transmits light fluxes in a wavelength range 
necessary for image formation is provided at the aperture for image 
formation. 

56. The reflective optical device according to claim 54, wherein a 
window member that transmits light fluxes in a wavelength range 
necessary for image formation and that blocks light fluxes in the other 
wavelength ranges is provided at the aperture for image formation. 

57. The reflective optical device according to claim 54, wherein a 
window member made of a material selected from the group consisting of 
germanium, silicon, polyethylene, CaF2, BaF2, and ZnSe is provided at the 
aperture for image formation. 
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58. The reflective optical device according to claim 55, wherein the 
window member is in a flat plate form. 

59. The reflective optical device according to claim 55, wherein the 
window member has a lens function. 

60. The reflective optical device according to claim 54, wherein a 
window member that has an optical property of preventing at least infrared 
rays in a specific wavelength range among incident infrared rays from 
passing therethrough is provided at the aperture for image formation. 

61. The reflective optical device according to claim 60, wherein the 
window member has an optical property of reflecting infrared rays, and is 
composed of a transparent base on which a dielectric multi-layer film is 
provided. 

62. The reflective optical device according to claim 61, wherein the 
transparent base is made of a glass material. 

63. The reflective optical device according to claim 61, wherein the 
transparent base is made of a resin material. 

64. The reflective optical device according to claim 61, wherein the 
transparent base is made of at least one selected from the group consisting 
of CaF 2 , BaF 2 , and ZnSe. 

65. The reflective optical device according to claim 60, wherein the 
window member is made of a glass material having an optical property of 
absorbing infrared rays. 

66. The reflective optical device according to claim 60, wherein the 
window member is made of a resin material having an optical property of 
absorbing infrared rays. 

67. The reflective optical device according to claim 60, wherein the 
window member prevents infrared rays in a near infrared range from 
passing therethrough. 
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68. The reflective optical device according to claim 67, wherein the near 
infrared range is a range of 700nm to llOOnm. 

69. The reflective optical device according to claim 60, wherein the 
window member is in a flat plate form. 

70. The reflective optical device according to claim 60, wherein the 
window member has a lens function. 

71. The reflective optical device according to claim 54, wherein a film 
having an optical property of not reflecting at least infrared rays in a 
specific wavelength range among incident infrared rays is formed on each 
reflection surface. 

72. The reflective optical device according to claim 71, wherein the film 
has an optical property of not reflecting infrared rays in a range of 
wavelengths longer than those in a visible range. 

73. The reflective optical device according to claim 72, wherein the 
range of wavelengths longer than those in the visible range is a range of 
wavelengths longer than 700nm. 

74. The reflective optical device according to claim 71, wherein the film 
has an optical property of not reflecting infrared rays in a near infrared 
range. 

75. The reflective optical device according to claim 74, wherein the near 
infrared range is a range of 700nm to llOOnm. 

76. The reflective optical device according to claim 43, wherein at least 
one of the plurality of optical members includes an aperture for allowing an 
image to be formed on a member with photosensitivity. 

77. A reflective solid-state optical device, comprising a solid device body 
formed with an optical medium having an optical property of preventing at 
least infrared rays in a specific wavelength range among incident infrared 
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rays from passing therethrough, wherein at least one reflection surface is 
formed on the device body, the reflection surface being composed of a surface 
of the device body and a film formed on the surface of the device body. 

78. The reflective solid-state optical device according to claim 77, 
wherein the surface of the device body constituting the at least one 
reflection surface is formed to be a free-form surface that does not have a 
rotational axis. 

79. The reflective solid-state optical device according to claim 77, 
wherein the optical medium is made of a material having an optical 
property of preventing infrared rays in a range of wavelengths longer than 
those in a visible range. 

80. The reflective solid-state optical device according to claim 79, 
wherein the range of wavelengths longer than those in the visible range is a 
range of wavelengths longer than 700nm. 

81. The reflective solid-state optical device according to claim 77, 
wherein the optical medium is made of a material having an optical 
property of preventing infrared rays in a near infrared range from passing 
therethrough. 

82. The reflective solid-state optical device according to claim 81, 
wherein the near infrared range is a range of 700nm to HOOnm. 



""ScT An imu^iim device. comuHsiii^ the reflectiv e optical devic r nrrorrttn 
to any one nfVliiiii.i 1" tin 7(1, wlii n in in mi ii'in;' Hciin nl is provided at a 
fffTFffpn of the r ^f l r^tivr npti^nl rfrrirr T t vhrtrr mi ii i Mj^ 1 i'l Frurrl 

84. The imaging device according to claim 83, wherein the imaging 
element has sensitivity to a visible range. 



8fr An inmyiim devilry, comprising the reflefrtira optical deVl C^ atreea&to g 

to any one of claims 43 to 76, wherein an imn c^nC' r ^ rnrTrn ^ hnnnc sensitivity 
to a visible r angei^ji ro vi d o d-atrlfportion of the reflective optical device 
^4^TC!La^magc ia formc c 



71 



An imagin g de v ice, iunipiibiiig4ihe rcf tectiVte optical device accomi| 
to any one of claims 43 to 59, wherein an imaging element having S£»3itivity 
to a visible range and an infrared range is provided at a porjieifof the 
reflective optical device where an image is formed. 



87. An imaging device, compS^sing^tKe reflective optical device according 
to any one of claims 67, 68, 74, apao75, wherein an imaging element having 
sensitivity to a visible range^nd an infrared range is provided at a portion 
of the reflective opticataevice where an image is formed. 



88. Aja<fmaging device, comprising the reflective solid-state optical 
devipe<according to any one of claims 77 to 82, wherein an imaging element 
'provided at a portion of the reflective solid-state optical device where an 
Jmflffp is formed. ^ ■ ^ 



89. The imaging device according to claim 88, wherein the imaging 
element has sensitivity to a visible range. 



r VW. "An imaging device, comprising the reflective solid- sia.te_sx pi*ezi* m ~~ 
device according to claim 81 or ft2 ™h?rf>Ai*-frrr1w element having 

sens itivity to^a j4siWe range and an infrared range is provided at a portion 

^Pfhe reflective solid-state optical-de vice whoro an imago io forme d? 1 - 



91. 



claim 83 



A video camera device, comprising the imaging device according to 



92. A video camera device, comprising the imaging device according to 
claim 88. 

93. A vehicle -mounted monitor, comprising the imaging device according 
to claim 83. 



94. A vehicle-mounted monitor, comprising the imaging device according 
to claim 88. 
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